Introduction {#sec0005}
============

With the explosive increase in the number of vehicles, especially motorcycles, lower-limb injuries and particularly knee injuries have become public health problems. They have high social and economic costs. Improvements in diagnosis and advances in knowledge of anatomy, biomechanics and surgical techniques have increased the interest in studies involving the posterior cruciate ligament (PCL).[@bib0005], [@bib0010], [@bib0015], [@bib0020], [@bib0025], [@bib0030] Large number of PCL injuries are caused by high-energy trauma, and in these cases, knee injury may be difficult particularly when patients present fractures of the ipsilateral femur and/or tibia. In evaluating these patients, just as in multiple trauma cases, ligament injuries may go unnoticed at the initial attendance.[@bib0035], [@bib0040] Few studies have evaluated different combinations of injuries that involve the PCL, in relation to the mechanism, incidence of fractures in the knee affected or evident dislocation. Studying these characteristics may contribute toward making a correct diagnosis during the acute phase and enabling appropriate treatment at the ideal time.

The objective of this study was to investigate the prevalence of combined injuries of the PCL and their correlations with the mechanism, occurrences of evident dislocation and associated fractures.

Materials and methods {#sec0010}
=====================

By consulting our institution\'s surgical records, we surveyed the medical files of patients who underwent surgical treatment for PCL injuries of the knee between May 2003 and September 2010 and found 85 cases in 84 patients. We investigated the trauma mechanism, the number of ligaments injured, the prevalence of different combinations of injuries and the association of each of them with knee fractures, evident dislocation, trauma mechanism and time elapsed between the accident and the definitive treatment. In the institution where the study was conducted, the diagnoses made in the emergency sector was compared with the diagnoses that residents undergoing specialization training within the Knee Surgery Group made by means of history-taking, physical examination and radiographs. Afterwards, the diagnoses were reviewed by knee surgeons, who made physical and radiological examinations of stress (dynamic examinations), under anesthesia during the immediate preoperative period. The diagnosis was complemented by the surgical findings from the cases operated during the acute phase.

Descriptive analysis was performed on the study variables, using frequency tables and central trend/position and variability measurements, and inferential analysis was conducted in order to assess factors associated with the injuries. Pearson\'s chi-square test was also used, in order to compare proportions, and Fisher\'s exact test for small samples. For numerical variables, the nonparametric Mann--Whitney test or the Kruskal--Wallis test was used, because of the asymmetrical nature of the variables tested. The significance level was taken to be 5%. The SPSS 15.0 software was used.

Results {#sec0015}
=======

The incidence of PCL injuries was greater among the men (78.8%). The mean age was 32.9 years, with a standard deviation of 11.9. Most of the cases presented two (43.5%) or three (41.2%) injured ligaments. The prevalence of PCL injury alone was 15.3%. Nine (10.6%) of the injuries were due to bone avulsion. Traffic accidents were responsible for 73.8% of the injuries and of these, the most frequent trauma mechanism (49.4%) was motorcycle accidents, followed by being run over (20%) ([Table 1](#tbl0005){ref-type="table"}).Table 1Frequencies of injured ligaments and trauma mechanism.FrequencyPercentage*Number of ligaments injured* 11214.1 23743.5 33541.2 411.2  *Trauma mechanism* Motorcycle4249.4 Being run over1720.0 Sprain1214.1 Car collision89.4 Fall from height or martial arts33.5

[Table 2](#tbl0010){ref-type="table"} shows the frequencies of associated injuries, evident dislocation and PCL avulsion.Table 2Frequency of associated injuries, evident dislocation and PCL bone avulsion.FrequencyPercentageFracture[a](#tblfn0005){ref-type="table-fn"}1720.5Peripheral nerve injury[b](#tblfn0010){ref-type="table-fn"}44.8Vascular injury[b](#tblfn0010){ref-type="table-fn"}11.2Evident dislocation[b](#tblfn0010){ref-type="table-fn"}1416.7PCL bone avulsion910.6[^1][^2]

PCL injuries combined with other ligaments accounted for 84.7% of the cases, and of these, the largest number involved the anterior cruciate ligament (ACL) (48.2%), followed by the lateral collateral ligament/posterolateral corner (LCL/PLC) (22.4%). The prevalence of injuries to both cruciate ligaments without combination with peripheral ligaments or with evident dislocation was 7.1%. In analyzing the relationship of each injury combination with the cause, motorcycle accidents were the most frequent cause, with a statistically significant difference (*p*-value \< 0.05), except for patients with the combination of PCL + medial collateral ligament/posteromedial corner (MCL/PMC), for whom being run over was the most frequent mechanism (41.7%) ([Table 3](#tbl0015){ref-type="table"}).Table 3Types of injury combinations versus occurrences of fractures or evident dislocation.PCL alonePCL + LCL/PLCPCL + MCL/PMCPCL/ACL + LCL/PLCPCL/ACL + MCL/PMC*p*-Value*Fracture* 270610.012[a](#tblfn0015){ref-type="table-fn"} 16.7%38.9%0%37.5%5.6%  *Evident dislocation* 030380.007[b](#tblfn0020){ref-type="table-fn"} 0%16.7%0%18.8%44.4%[^3][^4]

There was a significant difference (*p* \< 0.012) in comparing the different combinations of ligament injuries with occurrences of fractures or presentation of evident dislocation at the emergency service (*p* \< 0.007). Fractures were more associated with the combinations PCL + LCL/PLC (38.9%) and PCL/ACL + LCL/PLC (37.5%), while evident dislocation was more associated with the combination PCL/ACL + MCL/PMC (44.4%) ([Table 4](#tbl0020){ref-type="table"}).Table 4Comparison of types of injury combinations versus mechanism.PCL alonePCL + LCL/PLCPCL + MCL/PMCPCL/ACL + LCL/PLCPCL/ACL + MCL/PMC*p*-Value*Trauma mechanism*0.022[a](#tblfn0025){ref-type="table-fn"} Being run over025360%11.8%41.7%18.8%35.3% Car2102215.4%5.9%0%12.5%11.8% Sprain022510%11.8%16.7%31.3%5.9% Motorcycle111236784.6%70.6%25.0%37.5%41.2% Others002010%0%16.7%0%5.9%[^5]

In 85% of the cases, the knee ligaments were operated within the first eight months, and 50% of these operations were performed in the acute phase, up to three weeks after the injury.

Discussion {#sec0020}
==========

In this study, 85 PCL injuries were evaluated, in patients who underwent surgical treatment in an orthopedic trauma care center between May 2003 and December 2010. The diagnosis was done by means of clinical examination, with dynamic assessment of the knee under anesthesia, and was complemented by the surgical findings in the cases operated in the acute phase. With regard to gender, the relationship consisted of approximately four men for every woman, and the greatest incidence was in the third decade of life, i.e. similar to reports in the literature.[@bib0045], [@bib0050]

Fanelli et al.[@bib0055], [@bib0060] reported that the incidence of PCL injury was 44% in a tertiary-level trauma care center, among knees with hemarthrosis that underwent examination under anesthesia and arthroscopy. The main causes were high-energy trauma (81.5%) and sports injuries (18%). PCL injury alone occurred in 7.5% and combinations with other ligament injuries in 92.5%. La Prade[@bib0065] assessed knee ligament injuries and observed that PCL rupture occurred in 14.4% of the cases, and in 8.2% of the patients with hemarthrosis after acute trauma.

Acute-phase knee ligament injuries are diagnosed by means of taking a detailed history, making a careful physical examination and producing stress radiographs under anesthesia. Magnetic resonance imaging is considered to be the gold standard.[@bib0065], [@bib0070], [@bib0075], [@bib0080], [@bib0085] In some cases, the ligament injury is not diagnosed because the symptoms may remain masked when, for example, ipsilateral fractures occur, as reported by Braga et al.[@bib0090] In their study, 28 patients with 29 unstable femoral fractures were treated with locking intramedullary nails and were evaluated in the immediate postoperative period with the aim of determining the incidence of associated ligament injuries. Eight patients (28.6%) presented nine knee ligament injuries (32.1%; one bilateral case). None of these injuries had been reported at the emergency service. In the same study, there was a statistically significant association between complex knee injury and being run over (*p* = 0.004). These authors emphasized that the knees of patients with ipsilateral femoral fractures caused by high-impact injury should be routinely examined.

Studies that have evaluated clinical examinations for diagnosing PCL injuries have found varying degrees of accuracy (96%), specificity (99%) and sensitivity (90%). The latter ranged from 70% for grade I injuries to 97% for grades II and III.[@bib0095] Results from clinical examinations and dynamic radiographs should be compared with magnetic resonance imaging (MRI).[@bib0100] Unfortunately, few hospitals within the Brazilian setting provide access to MRI in the emergency sector. Thus, it is important to have studies that analyze the results from assessments on acute ligament injuries based on dynamic physical and radiological examination under anesthesia.

In the present series, it was found that 78.8% of the injuries were from traffic accidents, of which 49.4% were motorcycle accidents. These results were close to those of Fanelli,[@bib0005] who found that 81.5% of their cases resulted from high-energy trauma. Schulz et al.[@bib0045] studied 494 patients and reported that the commonest causes were traffic accidents (45%) and sports injuries (40%), and that motorcycle accidents (28%) and soccer injuries (25%) were the commonest specific causes.

Identifying different types of knee ligament injury is important for the prognosis and for defining the treatment. PCL injury alone has low incidence (7.5%) and those of grades I and II have greater chance of healing, in the same way as medial collateral ligament (MCL) injuries.[@bib0100], [@bib0105] PCL injuries alone may be asymptomatic, as reported by Parolie and Bergfeld,[@bib0105] who found that the incidence of this characteristic was 2% among players in the American National Football League (NFL). In our series, we found that the incidence of PCL injuries alone was 15.3% and that 69.2% of them were due to bone avulsion. All of these cases underwent surgical treatment.

There is controversy regarding the best treatment for grade III PCL injuries that occur in isolation and for those that are combined with medial or peripheral ligaments.[@bib0015], [@bib0020], [@bib0025] In the present series, surgical treatment was indicated for complete PCL injury (grade III) or for combined injury when the posterior displacement of the tibia was \>10 mm.[@bib0040], [@bib0095] In concordance with a report in the literature,[@bib0025] surgery was the treatment indicated for injuries that involved the PCL or PCL/ACL combined with lateral structures. Hammoud et al.[@bib0110] conducted a review study on 21 case series of PCL injury alone and 10 of combined injuries. They concluded that there was no evidence regarding the best treatment or the best surgical technique to choose, and that despite the reports of good results following PCL reconstruction, evaluations with longer follow-up suggested that in most cases, normal knee stability was not restored.

Our series included only the cases that underwent surgical treatment in which the main injury mechanism was high-energy trauma. This characteristic may explain the high number of cases involving two or more ligaments (85.9% of the cases). In concordance with other studies, PCL injury appeared in greatest number involving the ACL, i.e. as injuries of both cruciate ligaments, or in combination with medial or lateral peripheral ligaments.[@bib0050], [@bib0095]

There was a statistically significant difference in comparing the combinations of ligament injuries with the prevalence of fractures or evident dislocation. Associations with fractures were more common in combinations between the PCL and lateral peripheral ligaments. Evident dislocation was more associated with the combination of PCL/ACL with lateral peripheral ligaments and did not occur in cases of PCL injury alone or in combinations between the PCL and medial peripheral ligaments. The prevalence of fractures or bone avulsions was 20.5%. Injury to both cruciate ligaments (ACL/PCL) without combination with medial or lateral peripheral ligaments and without association with evident dislocation appeared in 7.1% of the cases. This was much lower than what was reported by Lustig et al.[@bib0115] who found this combination in 25% of the cases in a multicenter study by the French Society of Orthopedics and Traumatology. It was observed that these authors divided the complex multi-ligament injuries into those affecting both cruciate ligaments (25.4%) and those with classical traumatic dislocation (74.6%). They used epidemiological criteria such as age, presence of associated injuries and type of injury in order to indicate or not indicate surgical treatment. They chose to reconstruct the PCL during the acute phase, in patients under the age of 60 years without associated vascular injuries or exposed dislocation, when the posterior drawer was greater than 10 mm and/or the frontal, medial or lateral opening was greater than 15 mm. They did not indicate ACL reconstruction in the acute phase.

In the series evaluated in our study, only one case was referred with a report of popliteal artery injury. It was also seen that there was low prevalence (4.8%) of common fibular nerve injury, compared with other studies.[@bib0030], [@bib0120]

In 85% of the cases, the patients were operated within eight months, and 50% of these were operated within the first three weeks, i.e. during the acute phase. The greatest median time between the injury and the surgery (105 days) occurred among patients with PCL + LCL/PLC injuries and the smallest time (8.5 days) among those with PCL injury alone due to bone avulsion. Severe injuries such as those of the PCL + LCL/PLC were operated later on in some cases, which is contrary to the ideal management of giving priority to earlier surgical treatment for this combination of injuries. In the institution where the study was conducted, multiple trauma patients who have undergone damage control are often received, and this also often postpones the definitive treatment for the ligament injury. In series such as that of Schulz et al.[@bib0045] the knee specialists only received 10.3% of the patients within the first 30 days after the injury. Surgery was performed after a mean time period of 44.4 months.

The criterion of only including patients who underwent surgical treatment involving the PCL was an attempt to create a group that would be more homogenous in terms of cause and effect. However, in a study on knee dislocation, Bui et al.[@bib0100] found that trauma that was considered to be low-energy was the mechanism in 15 cases (75%), such as amateur sports or simple falls, and that only 20% were due to high-energy trauma, such as car accidents.

The number of 85 cases studied seems to have been statistically adequate, given the relatively low incidence of PCL injuries in the general population. In the data analysis, considering the large number of combined injuries, some with very low prevalence, statistical analysis for small samples was used.

Conclusion {#sec0025}
==========

The PCL injuries that underwent surgical treatment in this orthopedic trauma center were mostly accompanied by multi-ligament injuries. The most prevalent trauma mechanism was traffic accidents, notably with involvement of motorcycles and affecting male individuals. The ACL was the ligament most frequently injured in association with the PCL, followed by lateral peripheral injury. There was a significant association between the type of injury and the trauma mechanism, form of knee presentation (dislocated or reduced) and presence of associated fractures.
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